A theoretical description of the motion of the caryopsis segment in the channel of the working body of the proposed feed grain shredder with curved cutting elements is presented. A system of differential equations is proposed that determines the required value of the channel necessary and sufficient to rotate the caryopsis segment by the cut plane to the cutting plane. According to the results of numerical solution of the presented system of differential equations, graphic dependences for peas and wheat are obtained, confirming the hypothesis that the caryopsis or segment is rotated by a long axis to the cutting zone in a very small period of time with a slight movement through the channels of the feed grain shredder. This gives us the right to conclude that the cutting of the segment of the caryopsis by the next stage of the working bodies of the proposed feed grain shredder occurs along the plane of the previous cut. Grinding of caryopsis of fodder crops and their segments occurs first of all across the smallest section and thereby the energy intensity of process of grain crops grinding on the average decreases by 11,9 %, and productivity of the shredder with cutting elements of the curvilinear form increases by 10,7 %.
I. INTRODUCTION
The most important criterion of survival in modern market conditions is the competitiveness of livestock products and increase of its production. Therefore, the search for innovative technologies, machinery and equipment in animal husbandry, including feed grain shredders, could possibly increase the profitability of this industry [1, 2] . When preparing compound feeds at the places of consumption [3] , the main grinding operation is applied. Studies have proved and confirmed that this operation is the most energyintensive. Currently, the labor intensity is significant and accounts for more than 50% of the total costs in the technology of compound feeds preparation in agricultural production [4, 5] . For feed grain grinding in forage preparation, commercially available hammer crushers are the most common. It is known that in such machines, the destruction of caryopsis is more profitable to produce due to a large number of shocks at lower voltages. Despite the constant improvement and modernization of their designs, they have a number of significant drawbacks. Such as high power consumption for the technological process [6] , a high proportion of the pulverized fraction of the grinding product that does not meet zootechnical requirements [7] .
When grinding, the hard shell of the grain is destroyed, the ability to chew better is facilitated, the area of the contact surface with the gastric juice increases, which contributes to a better effect on digestibility. This helps to speed up the digestion processes, increase the digestibility of grain feed nutrients and increases the energy efficiency of the feed.
II. RESEARCH METHODOLOGY
The impact of crushing machines on the process of grinding feed grain design parameters has been studied by many scientists. It is noted that the value of the cutting angles, which are formed by the cutting edges of the working bodies of the grain material shredder, affect the energy intensity and productivity of the material processing operation [8, 9, 10] . From the point of view of reducing the energy intensity of the process in impact-centrifugal type crushers, it is more profitable to destroy the grain in 1...2 strokes [11] . As a result of many years of research, it was concluded that multistage grinding should be carried out with intermediate separation of grinding products. The author recommends two complete systems "crushing machine-separator" and one incomplete, including only a crusher [12] . This will allow to obtain a more aligned granulometric composition of the finished product that meets the zootechnical requirements, to reduce the energy consumption of the working process of the shredder due to the timely withdrawal of crushed particles [13] . The expediency of the use of cutting and chipping with the use of "pinched" blade impact on the caryopsis [14] is proved. It is known that in a centrifugal-rotary shredder, in accordance with the change in the coefficient of friction of the grain material on the working bodies, the first cutting pair is cut into segments [15] . It is established that such machines are the most effective for grain material grinding. In the works [8, 15] it was determined that in the working channel of such a shredder the segment of caryopsis is rotated by the cut plane along the cutting element. The subsequent stage of the working bodies of the shredder will produce cutting of the segment of the caryopsis mainly along the plane of the preliminary cut of the previous stage.
In the case of using the working bodies of the shredder with curved cutting elements, it is also possible to significantly reduce the energy intensity of the technological process and significantly align the granulometric composition of the finished crushed product [16, 17] .
III. RESULTS AND DISCUSSION
To verify the validity of our hypothesis, we consider the scheme of movement of the segment of the caryopsis along the working surface of the disk of the proposed feed grain shredder with curved cutting elements (figure 1). For caryopsis feed crop the basic law of dynamics will have the following form:
where a -acceleration of the free fall of the caryopsis, m/s 2 ; ∑ -the geometric sum of the forces acting on the grain, N:
Projecting equation (2) on the X-axis, on which the radius of the disk is located, we obtain the following formula:
is known that a body with uniformly accelerated motion, having no initial rate, will pass a path that will be calculated according to the following dependence:
It is established [7] that to calculate the thickness of the caryopsis, which will be cut off at the first stage of the working bodies, follows by the formula
The theoretical determination of the direction of rotation of the caryopsis segment requires the determination of the moment of force:
According to the results of calculations, it can be seen that at the optimal cutting speed is approximately (230 rad/s), the thickness of the caryopsis is 1 -3 mm. The particle sizes at the output from the first stage do not differ from the particle sizes obtained on the prototype [8] .
The cutting elements of the working bodies of the shredder actively interact with particles of caryopsis. At the second and next stages of grinding, the caryopsis particle moves along the surface of the wall of the through groove mainly by the surface that was obtained after the previous grinding of fodder crops caryopsis.
The probabilistic nature of the orientation of the caryopsis moving on a flat surface under the action of gravity is known. Researchers Yu.V. Terentyev, V.A. Kubyshev, A.I. Klimok, and others argued that in order for the caryopsis to be oriented in the right direction of motion, the instability of the caryopsis on the plane is necessary. The stability of the body is influenced by such factors as the weight of the body, the distance at which the tipping force is applied and the area of support [18] .
The basic law of dynamics is the following form for the relative movement of the caryopsis segment of feed crops on a flat area:  cos Advances in Social Science, Education and Humanities Research, volume 393
Project the motion of the caryopsis segment on the X, Y, Z axis. As a result we obtain: (9) where α is the relative motion of the caryopsis segment ( =).
Rotation of the caryopsis segment around the Z axis , sin sin cos 2 ..
where 20 5 24 2 5 (14) where x -the movement of the particle at the moment of cut.
α -the angle between the cut plane of the segment and the plane of the cutting element;
The obtained system of equations (14) , as can be seen, allows us to study not only the translational, but also the rotational movement of the caryopsis segment of feed crops when moving along the rotor of the feed grain shredder along the wall of the cutting element, which has a curvilinear shape.
The first equation of the system (14) with initial conditions will be equal to: (15) This linear inhomogeneous differential equation of the second order with constant coefficients is nothing but the Cauchy problem, known from the course "Mathematics".
The second equation of the system (14) From the analysis of the given graphic dependences it follows that they have the same tendency of development for all values of a segment on diameter of various feed crops. It should also be noted that the number of curves presented is chosen only for reasons of clarity for both wheat and peas caryopsis, although they differ in the shape of the particles.
By the nature of the curves (figure 3), it can be noted that the caryopsis or caryopsis segment of feed crops has time to turn a long axis to the cutting zone in a very short period of time (less than 0.1 s) with a slight movement (less than 0.5 mm). cutting plane in a very short period of time with a slight movement is confirmed. A system of equations (14) is proposed to describe the theoretical motion of both the caryopsis and its segment in the channel of the working body of the feed grain shredder with curved cutting elements.
2. Grinding of caryopsis and their segments is carried out mainly across the smallest cross-section and thus reduces the specific energy intensity of the process of grain crops grinding by an average of 11.9 %, and the productivity of the grinder with curved cutting elements increases by 10.7 % [10] .
